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When it comes to compensation mechanisms for DPV projects, the only constant is change. Compensation mechanisms refer to the way distributed solar generation is paid for, whether through bill credits or cash payments. 1 The type of mechanism in place is a key component to the investment decision to install a solar energy system. The common compensation mechanisms include:
• Net energy metering (NEM)
• Net billing
• Buy-all and sell-all rates, which can include feed-in tariffs (FITs) and the value of solar tariffs.
As of October 2018, sixty-five policy actions related to compensation mechanisms and the value of DPV took place in the United States. 2 These occurred across dozens of states and other jurisdictions. And, they followed on the heels of 94 similar actions in 2017. 3 Outside the United States, FITs are subject to adjustments as installed capacity of distributed solar increases and the cost of solar decreases. Figure 1 shows the evolution of the German FIT over time as installed capacity in the country increased. 4 The general trends for these policy actions related to compensation mechanisms primarily center on the following concerns:
• Over-subsidization of distributed solar as installed system costs continue to decrease
• Cross-subsidization across rate classes
• Potential grid impacts of higher levels of DPV penetration
• Loss of utility revenue and the ability of the utility to recover the costs of investments in the grid. Given these concerns, policymakers often build in program triggers or caps (which are not to be confused with system size caps-see Figure 2 ) to reevaluate existing policies to determine whether any adjustments are warranted. The primary triggers for reevaluating compensation structures and rate design are:
• When a jurisdiction hits its previously determined cap on aggregated DPV systems
• When a previously determined date in the future is reached
• When a utility requests a policy review
• Any combination of any of the above. Figure 2 . Difference between DPV system size caps and program caps
Installed Capacity Caps for Distributed Photovoltaics and their Impacts on Compensation Mechanisms
Aggregated net-metering caps are one of the more common triggers for reevaluating compensation mechanisms in the United States. The cap itself can be set in several ways, 5 including:
• Percent of peak demand, capacity, or load met by net-metered PV generation: The most common program cap is based on a percentage of the utility's or jurisdiction's peak demand, capacity, or load in a given reference year (e.g., the previous year). In U.S. states with program caps, caps were initially typically set at 5% or less, but not always, as illustrated below in the case of Vermont.
• A fixed megawatt (MW) cap: An example would be 100 MW of installed capacity of distributed solar.
• Some other trigger mechanism such as percent of retail sales.
In the United States, caps have historically been increased over time, as illustrated in Figure 3 .
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Despite the preponderance of caps and utility concerns, there are arguments against having any aggregated caps at all. 7 For example, some have argued that caps may:
• Limit customers from generating their own electricity
• Stifle market growth
• Hinder jurisdictions from meeting their renewable energy goals.
In Hawaii, a systemwide cap of 4% was removed entirely in 2011 and the state initially migrated to a system of distribution circuit caps of 15% (of peak demand), but upon further testing, the Hawaiian Electric Companies raised its distribution circuit cap on distributed PV from 120% to 250% of minimum daytime load. 8 In 2013, California legislation established a net-metering policy cap for three of the largest investor-owned utilities in the state
DPV System Size Cap
• Sets the maximum individual system size that is eligible for a compensation mechanism (e.g., NEM)
• Can affect the customer class that is that is eligible for a compensation mechanism (e.g. NEM)
• Can be capacity or percentage-based
DPV Program Cap
• Limits the total amount of net-metered (or other compensation mechanism) distributed generation systems installed in a region or utility service territory
• Includes many types of caps such that either installed DPV capacity reached 5% of aggregate customer peak demand or a deadline of July 1, 2017 was reached, whichever came first (AB 327 2013). 9 In two instances, utilities reached their cap before the deadline, whereas in the third instance, the deadline was reached first. 10 In 2014, Vermont's aggregated net-metering cap increased from 4% to 15% of the distribution utility's prior year peak demand.
11 Upon reaching the previous 4% cap, utilities had obtained less than 1% of total energy from distributed resources. The cap was subsequently eliminated in 2017.
12 Alternatively, in Minnesota, when total net-metered generation reaches 4% of total utility sales, the utility can request a review by the utility regulator to see whether net metering should be limited.
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In Mexico, according to distributed generation regulations published in July 2017, policies were to be reviewed either by the end of 2018 or when aggregate installed DPV capacity in Mexico reaches 5% of total installed capacity, or before then if deemed necessary by the regulator.
14 Design Considerations 15 16 17 18 The design of compensation mechanisms (including net-metering) affects both the amount of distributed generation deployed in a jurisdiction, and the timing of compensation mechanism evaluations. Policymakers should aim to:
• Clearly define the cap: Jurisdictions with established capacity caps need to ensure that the cap and all related terms are clearly defined to avoid confusion about when a cap has been met. Policymakers should provide guidance on how peak load or peak demand should be calculated, how a reference year is defined, and how solar capacity should be calculated. Capacity caps can be simpler than peak demand or peak load caps because they do not require calculations based on reference year; however, they also do not account for the relative penetration of net metering on the grid. 19 Understanding whether utilities have the data, tools, and methodologies to calculate the cap as defined is also important. Additionally, specifying whether systems installed via virtual net metering or community solar (if available) contribute to a cap is also important because these systems tend to be large-a single or several systems can contribute significantly (and quickly) to an overall program cap. 20 If a jurisdiction wants to allow virtual net metering, it might consider increasing the net-metering cap.
• Clearly communicate progress toward reaching the cap:
Customers and industry need to understand whether their DPV projects are eligible for net metering. By regularly providing transparent data on program cap status, policymakers can minimize confusion and market uncertainty. For example, Massachusetts displays comprehensive, near real-time net-metering cap information online (Figure 4) . 21 Other jurisdictions provide information less regularly (e.g., quarterly or semiannually).
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Colombia: New Distributed Renewable Energy Policy
In February 2018, the Colombian energy regulator (Comisión de Regulación de Energía y Gas) released its new distributed renewable energy policies. 16 They include a net-billing mechanism for exports to the grid along with an aggregated program cap for distributed renewable energy systems up to 1 MW in size. The aggregated program cap is when annual DG energy exports 17 reach 4% of the previous year's energy demand. Once this 4% exports to sales cap is reached, the regulator evaluates whether the level of compensation paid for exports to the grid under the net-billing mechanism should be modified. Given the current level of total electricity demand in Colombia, a 4% export trigger is equivalent to approximately 2,600 MW of installed distributed renewable energy. decisions based on previous policies is common and allows those customers to benefit from the older policy. Determining how existing customers will be treated and making that information available when cap policies are created is a best practice.
Why Caps Can be Useful
Establishing caps can be critical to getting stakeholder support for a new policy such as net metering, net billing, or value of solar. Otherwise, open-ended policies might leave utilities concerned about getting locked into a long-term policy regime with little opportunity to adjust it as the DPV market matures and costs decrease. In some cases, upon reaching the cap, the policy actions result in less support for distributed solar projects. These actions can include a reduction in compensation for excess electricity exported to the grid and/or the adoption of fixed charges, demand charges, or fees to offset the perceived or real costs associated with DPV customers. For example, in 2017, New Hampshire reduced the level of compensation for net electricity exports. Existing solar customers were grandfathered under the old policy, and a study evaluating the use of a value of solar tariff was ordered. 24 In other instances, caps might increase after announcing the transition to a new policy, such as time-of-use or value-ofsolar rates (e.g., Massachusetts in 2014).
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Caps or triggers, such as declining incentives based on installed capacity, are a way to track and adjust to changing market conditions. Static policies in a fast-growing industry like solar, which has seen rapid price decreases, may lead to governments and utilities paying more for solar than necessary. An orderly process by which existing policies are periodically revisited results in positive outcomes for solar consumers, solar companies, and investors in the sector.
